Abstract: Polymorphonuclear neutrophils (PMNs) are rapidly recruited to tissues upon injury or infection. There, they can encounter local and/or recruited immature dendritic cells (iDCs), a colocalization that could promote at least transient interactions and mutually influence the two leukocyte populations. Using human live blood PMNs and monocytederived iDCs, we examined if these leukocytes actually interacted and whether this influenced DC function. Indeed, coculture with live but not apoptotic PMNs led to up-regulation of membranes CD40, CD86, and human leukocyte antigen (HLA)-DR on DCs. Whereas CD40 up-regulation was dependent on soluble factors released by PMNs, as determined in cultures conducted in different chambers, cell contact was necessary for CD86 and HLA-DR up-regulation, a process that was inhibited by anti-CD18 antibodies, indicating that CD18 ligation was required. We also found that via a cell contact-dependent mechanism, DCs acquired Candida albicansderived antigens from live as well as from apoptotic PMNs and could thus elicit antigen-specific T lymphocyte responses. Altogether, our data demonstrate the occurrence of cross-talk between human PMNs and DCs and provide new insights into the immune processes occurring upstream of the interactions between DCs and T lymphocytes. J. Leukoc. Biol. 79: 000 -000; 2006.
INTRODUCTION
Polymorphonuclear neutrophils (PMNs) are the most abundant circulating leukocytes. They are among the first cells recruited in tissues upon aseptic injury or infection. Once there, PMNs play a crucial role in fighting bacteria, viruses, and fungi by their ability to perform a series of effector functions including phagocytosis and release of granules and toxic metabolites [1] . In addition to these microorganism-targeted effector functions, activated PMNs are known to release cytokines such as interleukin (IL)-1␤, IL-1 receptor ␣, IL-12, as well as CXC and CC chemokines such as IL-8/CXC chemokine ligand 8 (CXCL8), growth-related gene product ␣/CXCL1, the 10-kDa interferon-␥ (IFN-␥)-inducible protein 10/CXCL10, macrophage-inflammatory protein-1␣ (MIP-1␣)/CC chemokine ligand 3 (CCL3), MIP-1␤/CCL4, MIP-3␣/CCL20, and MIP-3␤/CCL19 [2] [3] [4] [5] . Migration of other leukocytes, including lymphocytes, occurs with a time lag following accumulation of PMNs, the effector, and regulatory functions, which could contribute to the downstream development of T lymphocyte-dependent immune responses [6] .
Dendritic cells (DCs) are instrumental in the uptake of antigenic material, which they process and present to CD4 ϩ and CD8 ϩ T lymphocytes [7] . Immature (i)DCs are distributed in peripheral tissues, where they capture apoptotic or necrotic cells and/or microorganisms. In case of injury or infection, a DC precursor influx occurs at the injured site within minutes to hours, depending on the nature of the tissue [8 -10] . Uptake of antigenic material induces DCs to be activated and to migrate to secondary lymphoid organs, where they initiate activation of naive T lymphocytes. The nature of the signals delivered to DCs upon antigen uptake-nature of the microorganisms [11] , necrotic or apoptotic cells [12] [13] [14] , the microenvironment [15, 16] , and endogenous inflammatory danger signals [17] -is known to influence the phenotypic and functional changes of DCs, which are crucial for triggering activation of antigenspecific effector T lymphocytes or to induce tolerance [18] .
The early and massive recruitment of PMNs at infected or injured tissues, the tissue distribution of iDCs, as well as the influx of DC precursors allow colocalization of both populations at the early stages of these inducible processes. Using freshly isolated PMNs and iDCs derived from monocytes isolated from the blood of healthy human donors, we analyzed the potential of PMNs to influence the phenotype and functions of DCs in a coculture system. In addition, heat-killed Candida albicans was chosen as a model microorganism and source of antigen to examine whether PMNs could transfer antigens to DCs for subsequent presentation to T lymphocytes.
MATERIALS AND METHODS

Monocyte-derived DCs
Blood was obtained from healthy volunteers according to institutional guidelines (Etablissement Français du Sang, Paris, France). After peripheral blood mononuclear cells (PBMCs) were separated by Ficoll-Paque (Dutscher S.A., Brumath, France) centrifugation, T and B lymphocytes were depleted using M-450 Pan T/CD2 and M-450 Pan B/CD19 Dynabeads (Dynal, Compiègne, France). The recovered cells (referred to as monocytes thereafter) were seeded in six-well tissue-culture plates (Dutscher S.A.) at 2 ϫ 10 6 cells/well in 3 ml complete medium [RPMI 1640, 2 mM L-glutamine, 100 U/ml penicillin, 100 g/ml streptomycin (all from Invitrogen, Cergy Pontoise, France)], 10% fetal calf serum (FCS; Dutscher S.A.), plus 10 ng/ml granulocyte macrophagecolony stimulating factor (GM-CSF) and 5 ng/ml IL-4 (both from R&D Systems, Lille, France). Cultures were fed every 2 days with fresh medium and the cytokines. On Day 6, DC purity and viability were Ն95%. Monocyte-derived DCs are referred to as DCs hereafter.
Isolation and characterization of PMNs
Less than 4 h after blood sampling, PMNs were separated from PBMCs by Ficoll-Paque centrifugation and lysis of red blood cells with buffered NH 4 Cl. After extensive washing, enriched PMNs were suspended in RPMI 1640 and 10% FCS and identified on morphology after May-Grü nwald-Giemsa staining and by fluorescein-activated cell sorter (FACS) immunophenotyping (see below). To assess apoptosis, PMNs were incubated with the TACS TM Annexin-V-fluorescein isothiocyanate (FITC) detection kit (R&D System) or the Annexin-V-phycoerythrin (PE) detection kit I (BD Biosciences PharMingen, San Diego, CA), according to the manufacturers' recommendations. Cell viability was evaluated by propidium iodide (PI) or 7-amino-actinomycin D (7-AAD) staining. Cells were examined with a FACSCalibur (Becton Dickinson, San Jose, CA) immediately after labeling.
To get live or apoptotic/dead PMN populations, freshly isolated PMNs were cultured for 24 h in complete medium, 10% FCS, and 10 ng/ml GM-CSF before they were fractionated into Annexin-V -(live) and Annexin-V ϩ cells by magnetic separation with Annexin-V Microbeads and MS separation columns (Miltenyi Biotec, Auburn, CA). PMN viability was then evaluated by Annexin-V-FITC/PI labeling and May-Grü nwald-Giemsa staining. Only fractions with Յ10% Annexin-V ϩ PMNs were referred to as "live," whereas Annexin-V ϩ apoptotic/dead cell fractions were referred to as "apoptotic" PMNs.
FACS analysis and cytology
Cells were harvested, washed twice in phosphate-buffered saline, 2% FCS, and labeled with PE-, FITC-, or allophycocyanin (APC)-conjugated monoclonal antibodies (mAb; listed in Table 1 ) for FACS analysis. Intracellular labeling of IL-12p40/p70 was performed using the Cytofix/Cytoperm GolgiPlug kit assay (Becton Dickinson). Briefly, cells were incubated for 6 h with the GolgiPlug reagent (containing Brefeldin A) to inhibit protein transport. Cells were stained with mAb specific for surface markers and then fixed and permeabilized according to the manufacturer's recommendation before labeling with an anti-IL-12p40/p70 antibody. Cytospins were prepared by centrifugation of 5 ϫ 10 4 cells/0.1 ml onto slides (300 g, 7 min), which were stained by the May-Grü nwald-Giemsa method.
Coculture of DCs and PMNs
DCs were cultured separately or with freshly isolated, allogeneic PMNs, prepared, and characterized as described above. Cocultures were conducted for 18 h at a 10:1 PMN/DC ratio unless otherwise stated. Cultures were performed in 24-well tissue-culture plates (Dutscher S.A.) in 1.5 ml complete medium containing 10 ng/ml GM-CSF and 5 ng/ml IL-4. Allogeneic PMNs were used here, as autologous ones could not be kept cryopreserved for the 6 days needed to derive DCs from monocytes. In all cultures, total cell concentration was kept at 7.5 ϫ 10 5 cells/ml. Under all the conditions used, the DC and PMN populations recovered were devoid of T lymphocytes, which could react to allogeneic cells. In some cases, 5 g/ml anti-CD18 or irrelevant IgG1 mAb were added to cocultures.
To avoid cell contact, PMNs were cultured in 0.4 m pore Transwell chambers (Becton Dickinson), inserted into wells containing DC cultures. FACS analysis at the end of the culture showed the lack of PMNs mixed with DCs, indicating that the membrane totally blocked migration of both. GM-CSF and IL-4 were present in the medium on both sides of the membrane to ensure equal availability of the cytokines in both compartments. DCs cultured with 100 ng/ml lipoplysaccharide (LPS; Sigma Chemical Co., St. Louis, MO), with or without 100 ng/ml IFN-␥ (R&D Systems), were used as positive controls of DC activation in most experiments. Polyriboinosinic polyribocytidylic acid (Poly I:C; 2 g/ml, Sigma Chemical Co.) was used as control in one set of experiments.
Mixed leukocyte reaction
Control DCs or DCs cocultured for 18 h with fresh PMNs at a 10:1 PMN/DC ratio and depleted from PMNs with CD15 Microbeads (Miltenyi Biotec) were mixed with cryopreserved, allogeneic T lymphocytes (10 5 DCs/10 6 T lymphocytes) in 1.5 ml complete medium, in which FCS was substituted by 10% heat-inactivated human AB serum (Etablissement Français du Sang). Supernatants were harvested after 48 h and 72 h and assayed for the presence of IFN-␥ using an enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems).
T lymphocyte response to C. albicans antigens PMNs were cultured for 18 h in complete medium plus 10 ng/ml GM-CSF in the absence (control PMNs) or the presence of heat-killed C. albicans (CaPMNs) CAF yeasts in a 5:1 yeast/PMN ratio (the CAF strain was kindly provided by Dr. T. Jouault, Lille, France). Yeasts were killed by heating 20 ϫ 10 6 yeasts/ml at 95°C for 15 min. After overnight culture, PMNs were sorted with CD15 Microbeads to remove free yeast, the remaining number of which was less than one yeast/10 PMNs, as assessed by microscopy. Live or apoptotic PMNs were then separated as described above and mixed with DCs for 3 h at 10:1 or 1:1 ratios, after which DCs were sorted with a FACSVantage (Becton Dickinson) or PMN-depleted with CD15 Microbeads. To avoid cell contacts, PMNs or Ca-PMNs were cultured in 0.4 m pore Transwell chambers (Becton Dickinson), inserted into wells containing DCs as described above. It was verified that the 0.4-m pores did not allow passive transfer of free yeast in the DC compartment. The DCs were added to previously cryopreserved, autologous T lymphocytes (10 5 DCs/10 6 T lymphocytes) in 1.5 ml complete medium with 10% heat-inactivated human AB serum. Control DCs were incubated for 3 h with C. albicans (five yeasts:one DC) before being added to the T lymphocytes. Supernatants were harvested after 24 h, 48 h, and 72 h and assayed for the presence of IL-2 and IFN-␥ using an ELISA kit (R&D Systems).
RESULTS
Characterization of freshly prepared PMNs and DCs
The first step before setting cocultures was to characterize freshly purified PMNs and Culture Day 6 DCs. The PMN purification procedure resulted in the recovery of 93 Ϯ 3% (nϭ20) live cells, among which Ն95% were PMNs, as indicated by cytology, high and homogenous expression of surface CD15, CD11b, and CD18, and lack of detectable CD2 ϩ , CD14 ϩ , CD19 ϩ , and CD56 ϩ cells (Fig. 1A) . After 6 days culture, CD14 -
CD1a
ϩ DCs were Ͼ95% pure, with no detectable natural killer cells or T or B lymphocyte (Fig. 1B) .
As GM-CSF and IL-4 had to be kept in cocultures for optimal maintenance of DCs [19] , we next examined whether at the concentrations used the cytokines interfered with PMN survival. Actually, although 80 Ϯ 18% (nϭ8) of PMNs were apoptotic after 18 h in the absence of cytokines, 78 Ϯ 11% (nϭ11) were viable in the presence of GM-CSF and IL-4 ( Fig.  1C) , which is consistent with the reported antiapoptotic role of these cytokines in short-term PMN cultures [20 -23] . Similar data were noted when only GM-CSF was used (data not shown).
Clustering and phenotypic changes of cocultured PMNs and DCs
We next cocultured fresh PMNs with DCs for 18 h at a 10:1 ratio. Characteristically, the cells then formed heterologous clusters, whereas they did not aggregate when cultured separately ( Fig. 2A) (Fig. 2B) .
Although there was a limited increase of HLA-DR expression on cocultured PMNs, neither control nor cocultured PMNs expressed cosignaling molecules CD80, CD86, CD40, or CD28 (Fig. 3A) , an usually T lymphocyte-associated, costimulatory molecule, which has been shown to be expressed on a PMN subset [24] . The proportion of dead or apoptotic PMNs was similar in control and cocultured PMNs (Fig. 3B) . However, CD13, CD15, CD16, and CD11b/CD18 down-regulation on a subset of PMNs-a process known to be associated with apoptosis [25, 26] -was not observed or was only limited on cocultured PMNs (Fig. 3A) .
As to the phenotype of cocultured DCs, HLA-DR, CD86, and CD40 up-regulation was detected at 10:1 ( Fig. 3C and Table 2 ) but also although less pronounced, at 1:1 PMN/DC ratio and even after 3 h coculture (data not shown). Of note, the increased expression of these markers and the proportion of activated DCs varied, depending on the donor (see Figs. 3-6 ). CD83 expression was not increased significantly relative to controls, whereas that of CD11b was not modified. Although limited, CD40 up-regulation was specific and could not be accounted for by stronger, nonspecific binding of the relevant mAb to the DCs, inasmuch as isotype control mAb exhibited comparable, negative patterns on the DCs, whether they were cocultured with PMNs or not (see Figs. 5 and 6; and data not shown). The value of the mean fluorescence intensities of specific minus isotype control labeling was 95 Ϯ 21 for cocultured DCs versus 63 Ϯ 16 for control DCs (nϭ6, PϽ0.05, paired Student's t-test).
Although Ն90% fresh PMNs were initially live (see Fig. 1 , A and C), percentages of early-to-late apoptotic PMNs increased in culture with or without DCs (Fig. 3B ) in a proportion that varied, depending on the donor. To analyze whether the presence of a low proportion of apoptotic PMNs was responsible for the DC phenotypic changes, DCs were cultured for 3 h or 18 h with sorted Annexin-V -(live) and Annexin-V ϩ (apoptotic) PMNs. As shown in Figure 4A , PMNs referred to as live were nonapoptotic and exhibited the typical morphology of live PMNs, whereas PMNs referred to as apoptotic comprised Ͼ50% of Annexin-V ϩ cells, which displayed morphological features of apoptosis such as heterochromatin condensation. In contrast to live PMNs, enriched, apoptotic PMNs did not elicit HLA-DR and CD86 up-regulation nor any change of CD80 and CD83 expression on DCs (Fig. 4, A and B ; and data not shown) whatever the culture duration. That HLA-DR and CD86 upregulation was less pronounced on DCs after 18 h than after 3 h coculture with live PMNs probably relates to the increased susceptibility to apoptosis of PMNs after magnetic sorting, which represents a drastic procedure for these cells.
From these data, one may infer that the minority of apoptotic PMNs that appears during coculture cannot account for the DC phenotypic changes occurring in cocultures with fresh PMNs.
Regarding DC function, we examined whether fresh PMNs induced DCs to produce IL-12p40/p70. As PMNs can also produce IL-12 under some experimental conditions [6] , this was evaluated by intracellular labeling. (Fig. 5B) . Consistent with the phenotypical and functional changes, PMN-exposed DCs elicited greater IFN-␥ production from allogeneic T lymphocytes than control DCs (Fig. 5C ). This cannot be accounted for by the presence of residual PMNs, which do not stimulate T lymphocytes by themselves.
Altogether, these data indicate that cross-talk can take place between iDCs and PMNs. Indeed, DCs exposed to live PMNs undergo phenotypic and functional changes known to be associated with enhanced T lymphocyte-activating capacity. Interactions with DCs also affect PMNs in that they at least prevent phenotypic changes related with apoptosis.
Role of CD18 in PMN-induced DC activation
To investigate the mechanisms of these interactions, a Transwell system was used, in which DCs and PMNs were separated by a 0.4-m membrane (Fig. 6A) . Only CD40 upregulation on DCs was then noted in cocultures relative to DCs cultured separately, whereas HLA-DR and CD86 expression was unchanged. In contrast, when allowed to contact PMNs, DCs also displayed increased HLA-DR and CD86 levels, as in the first series of experiments. These data indicate that CD40 up-regulation on DCs is induced by PMN-released, soluble factors, whereas that of HLA-DR and CD86 depends on direct contacts with PMNs.
CD11a/CD18 (lymphocyte function-associated antigen-1) and CD11b/CD18 (complement receptor 3) are the most important integrins involved in PMN adhesion and in transmitting activation signals to PMNs [27, 28] . We thus examined whether these integrins played a role in the contact interactions of PMNs with DCs. Indeed, coculture in the presence of an anti-CD18-blocking mAb, but not of irrelevant, control IgG1, resulted in inhibition of HLA-DR and CD86 increased expression (Fig. 6B and Table 2 ), whereas CD40 up-regulation was unaffected (Table 2 ).
This finding indicates that CD18 ligation is necessary to induce HLA-DR and CD86 increased expression on DCs.
We then examined the possibility that CD18 ligation delivers signals to PMNs, which promote their production of cytokines, some of which could eventually activate HLA-DR and CD86 up-regulation on DCs. However, supernatants collected after 18 h coculture of PMNs with DCs did not affect HLA-DR and CD86 expression by DCs cultured independently (data not shown), indicating that DC activation in the presence of PMNs is not a result of cytokines produced by the PMNs in response to CD18 ligation.
DCs cocultured with C. albicans-loaded PMNs induce T lymphocyte reactivity
We first evaluated whether DCs loaded with heat-killed C. albicans elicited responses of autologous T lymphocytes, the donors of which were known to be sensitized to the fungus. The readout was IL-2 and/or IFN-␥ production in culture supernatants. As expected for a recall antigen, the DCs indeed efficiently stimulated the T lymphocytes in a dose-dependent manner (Fig. 7A) , and five yeasts per DC were selected as the concentration to be used in further experiments.
We next investigated whether DCs that had been cocultured with PMNs first exposed to heat-killed Ca-PMNs were also capable to elicit T lymphocyte responses. The viability of Ca-PMNs was similar to that of PMNs cultured with GM-CSF alone (data not shown and Fig. 3B ). It was thus found that DCs cultured with Ca-PMNs stimulated the T lymphocytes to levels comparable with those noted with directly loaded DCs (Fig. 7 , B and C), whereas control PMNs or DCs exposed to control PMNs had no effect, even after 72 h stimulation. Neither control DCs nor DCs cultured with C. albicans or control PMNs nor C. albicans-exposed PMNs produced IL-2 or IFN-␥ (data not shown). Direct presentation of C. albicans antigens by DCs cultured with C. albicans-exposed PMNs was ruled out, as after sorting of the DCs from the PMNs (see Materials and Methods), there remained less than one yeast/10 PMNs (and therefore, per DC), which was below the threshold for direct presentation by DCs (see Fig. 7A ). This indicates that T lymphocyte responses did not result from direct or indirect presentation of PMN-derived antigens but rather to C. albicans antigen transfer from the PMNs to the DCs. We then examined the relative contribution of live and apoptotic PMNs in this effect. Experiments in which sorted live or apoptotic Ca-PMNs were used showed that both could indeed transfer antigens to DCs to the same extent (Fig. 7D) .
Finally, when using the two-chamber system described above, we found that separation of DCs and Ca-PMNs completely abrogated the DC capacity to stimulate T lymphocytes (Fig. 7E) , indicating that antigen acquisition by DCs depended then on direct contact with PMNs.
Thus, PMNs are capable to efficiently transfer C. albicans antigens to DCs, enabling the latter cells to elicit T lymphocyte responses.
DISCUSSION
The data presented here demonstrate that live PMNs can deliver activating signals to iDCs, whereas via cell contact, live and apoptotic PMNs can transfer heat-killed C. albicans antigens to DCs, allowing the latter to stimulate sensitized T lymphocytes to produce IL-2 and/or IFN-␥.
Although circulating PMNs undergo constitutive apoptosis [29, 30] , their survival is prolonged in tissues [31] where they are exposed to antiapoptotic signals delivered by microbial molecules and/or to endogenous signals from the microenvironment. Hence, it is reasonable to assume that DCs and PMNs could interact in sites where they at least colocalize transiently. To address this issue, we used an experimental system in which PMNs and monocyte-derived iDCs were cocultured in the presence of GM-CSF and IL-4, which were maintained in cultures for the sake of the DCs [19] . Consistent with the known antiapoptotic and activating signals delivered to PMNs by GM-CSF [21, 32, 33] or IL-4 [23, 32, 34, 35] , we found that this cytokine combination indeed delayed PMN apoptosis. Thus, our model can reproduce in vitro the context of potential interactions between iDCs and PMNs exposed to endogenous cytokines and/or chemokines.
Upon coculture with live PMNs, DCs exhibited increased HLA-DR, CD86, and CD40 surface expression and produced IL-12, indicating that signals from PMNs can activate iDCs to become competent APCs. The inability of apoptotic PMNs to activate DCs shown here is consistent with the reported capacity of such PMNs to elicit down-regulation of costimulatory molecules on DCs [36] . We found that CD40-increased expression appears to be mediated by soluble factors released by the PMNs, whereas HLA-DR and CD86 increase on DCs requires direct contact with PMNs. In this respect, our data differ from findings that supernatants of activated PMNs up-regulate CD86 and CD40 on, as well as IL-12 production by, DCs [37] , a discrepancy, which may be accounted for by the fact that we used human leukocytes, whereas murine Toxoplasma gondiiinfected murine cells were used in the latter report. Our results are in line with a recent report [38] about the interactions of human PMNs and DCs, although resting PMNs had no effect there, and only PMNs treated with proinflammatory LPS elicited DC activation. This model differs from ours in which in the absence of inflammatory factors, GM-CSF and IL-4 were present to maintain DC and PMN survival and function [20 -23] . As apoptotic PMNs were not accounted for in the latter report [38] , it cannot be ruled out that without LPS, most resting PMNs underwent apoptosis then, during coculture with DCs. In any case, both studies show that PMNs can induce DC activation. This may result from the cytokines and chemokines produced by activated PMNs [3] [4] [5] or from their strong secre- tory activity and release of exosomes [39] with DC stimulatory capacity, such as that which we reported for mast cell-derived exosomes [40] .
Cell-surface, molecule-dependent interactions between PMNs and other myeloid cells have already been reported [24, 41, 42] . CD28
ϩ PMNs have been shown to activate Leishmania-infected macrophages to produce IFN-␥ via the CD28-CD80/CD86 pathway [24] . As a result of the lack of CD28 expression on PMNs before and during coculture with DCs, this pathway cannot be involved in the interactions reported here. In contrast, we show involvement of the CD18-␤2 chain of CD11/CD18 integrins. In our model, ligation of CD18 appears necessary to elicit HLA-DR and CD86 up-regulation on DCs, which indicates that the CD18 pathway plays a role in PMN/DC interactions. Cell contact-dependent interactions mediated by engagement of CD18-␤2 integrin on PMNs have already been shown to facilitate their interaction with Kü pffer cells and to be crucial for bacterial clearance in the liver [41, 42] . It is interesting that van Gisbergen et al. [38] have shown that PMNs and DCs interacted via the membrane-activated complex 1 (CD18/CD11b) CD11b subunit on PMNs and DCspecific intercellular cell adhesion molecule-grabbing nonintegrin (SIGN; CD209) on DCs. However, we could not inhibit this interaction with an anti-DC-SIGN mAb (data not shown) as they did, which could be a result of the fact that we used a different clone (1B10 [43] , gift from A. Amara, Institut Pasteur, Paris, France, instead of AZN-D1) or that the molecules involved in the interaction between PMNs and DCs differ whether the PMNs are activated or not by a proinflammatory factor.
To examine whether interactions with PMNs influenced DC function, we investigated if PMNs could transfer antigens to DCs for eventual presentation to and stimulation of T lymphocytes. Hence, C. albicans was chosen as a model microorganism, because of its well-documented capacity to interact with PMNs and DCs [44 -47] and as most adults are already sensitized against it, which makes normal donor selection easier. This fungus expresses different pathogen-associated molecules, including ␤-glucans, mannans, mannoproteins, and phospholipomannans, which interact with phagocytic cells in an opsonin-independent manner via counter-receptors such as ␤-glucan receptors (CD11b/CD18 [48] , lactosylceramide [49] , scavenger receptors [50] , Dectin-1 [51] ), mannose receptors [52] , and Toll-like receptors 2 and 4 [53] . PMNs [54] and DCs [46, 55] can capture and kill C. albicans. Here, using heatkilled C. albicans, we found that PMNs could deliver antigens to DCs via a cell contact-dependent mechanism, which allowed the DCs to present antigen to and elicit reactivity from T lymphocytes. This finding indicates that antigenic material from microorganisms, which are first captured by PMNs, can be further available for uptake and presentation by professional APCs such as DCs. In vivo, such transfer could occur in tissues from newly recruited PMNs to immature resident DCs, which will next migrate to the draining lymphoid organ. Alternatively, PMNs could transport microorganisms first captured in peripheral tissues to lymphoid organs, where they would encounter DCs, as recently shown in mice infected with Mycobacterium bovis BCG [56] .
It has been reported that DCs can capture antigens from dead or dying cells for subsequent presentation to T lymphocytes [57] . Although this mechanism appears to be involved in our model, we found that DCs can also acquire antigens from live PMNs. The mechanisms of antigen transfer to DCs from live or from apoptotic/dead PMNs should be different. In the case of C. albicans, live PMNs can release soluble antigen following phagocytosis [58] , which raises the possibility that DCs acquire degraded Candida antigens released by the PMNs. However, our data do not support this hypothesis, as transfer is dependent on cell contacts. We propose that live PMNs serve as donor cells for antigen uptake by DCs after having captured and concentrated the antigens by two mechanisms at least; they could concentrate killed C. albicans on their surface via their large spectrum of pathogen-recognition receptors for fungal products; and/or they could bind and concentrate microorganisms by a recently reported mechanism, which consists of the release of protein and chromatin granules forming extracellular traps [59] . As professional phagocytes, live or dead PMNs could be an important source of antigens for DC presentation and possibly cross-presentation to major histocompatibility complex class-I restricted CD8 lymphocytes, which remain to be shown [57, 60 -62] . Whether the findings reported here apply to ex vivo-isolated DC subsets will be investigated further. Indeed, it has been shown that human blood CD11c ϩ DC are able to phagocyte apoptotic and necrotic cells [63] .
Altogether, this study demonstrates that PMNs can wellregulate DC functions and that they deliver activation signals and antigens to DCs, which will then efficiently stimulate appropriate T lymphocyte responses. This opens new insights into the cooperation between the innate and acquired arms of immunity. It is interesting that although apoptotic PMNs are able to transfer antigens, they do not deliver activation signals to DCs. The consequences of the interactions of PMNs with DCs on the immune response may thus vary, depending on the ratio of live and apoptotic PMNs in the environment. It is then possible that at the site of an injury, evolution with time of the relative proportion of live and apoptotic PMNs may regulate the level and type of DC activation, resulting eventually in the induction of different types of adaptive immune responses.
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